Abstract -Being a series approximation, VIOMAP is not well suited to model hardly nonlinear devices due to numerical problems. The prediction of two-tone behavior based on one-tone measurements of a microwave power amplifier which is driven deeply into compression, is used as test case to show the potentials of a possible alternative which is based on orthogonal polynomials.
I. INTRODUCTION.
It is shown that VIOMAP can be used to predict the response of weakly nonlinear devices to narrow-band excitations based on measurements at the center frequency only, if the bandwidth of the excitation is smaller than that of the bias circuit and assuming static behavior in the frequency range of interest [ 13. As such VIOMAP is able to predict the compression and intermodulation distortion characteristic for two-tone excitation based on one-tone measurements. Due to the fact that the device under test was driven deeply into compression, resulting in decreasing output power for increasing input power at 4.2 GHz, the assumption of a mildly nonlinear system no longer holds. Therefore the series approximation is replaced by orthogonal polynomials [2] . A simple implementation of this approach can be used "as is", due to the fact that the device under test could be considered as a SISO system and given a one-tone excitation. Finally some noise analysis [3] should allow to generate error bounds for the predicted intermodulation products if the assumption of static behavior of the device under test in the frequency range of interest is valid.
n. SOME THEORY.
In the case of a SISO system under one-tone excitation, the Volterra theory shows polynomials, which will be referred to as 'orthopol' in the remaining of this article, upto a specified degree k and calculate the complex coefficients s i k ) , i = 0.. k as explained in [2] . This way an orthogonal polynomial of degree k corresponds to a VIOMAP of degree 2k + 1 , because VIOMAP describes the transmitted wave as a function of the incident wave.
First calibrated large-signal S21-parameters of a "Mini-Circuits ZHL-42Wy amplifier were measured using an HP8753D network analyzer, which was padded at output port 2 with a 30 dB attenuator in order to compensate for the gain of the amplifier and to minimize the incident wave at the output port of the device under test. During the measurements the input port was padded with 6 dB, for which a simple power verification was performed. A stepped power measurement from -21 dBm upto +4 dBm was done both at 1 GHz and 4.2 GHz.
IV. ONE-TONE RESULTS. Fig. 1 shows the measured and predicted compression characteristic at 1 GHz using a 15th degree orthopol. The ampIifier is driven 5.5 dB in compression. The predicted characteristic is indistinguisable from the measured one, both in amplitude and phase. The stepped power measurement was repeated at 4.2 GHz ( fig. 2) , showing even harder nonlinear behavior. For input powers above 0 dBm the output power decreases for increasing input power. Again the predicted characteristic is indistinguisable from the measured one, both in amplitude and phase when using a 30th degree orthopol (instead of 15 at 1 GHz). Fig. 3 shows that the orthopol approach is superior to that of VIOMAP when dealing with hard nonlinearities. Being a series approximation, VIOMAP requires solving an ill-conditioned set of equations. Solving the overdetermined set of equations using singular value decomposition, the dynamic range of the singular values becomes larger than 10l6, i.e. the dynamic range corresponding to "double precision", for degrees of nonlinearity larger than 25. Therefore the such that an increasing degree will result in a smaller residu. The shape of the residu changes from correlated, indicating remaining model errors, to shaped white noise. Increasing the degree even more, the residu remains almost unchanged, indicating that the model starts trying to fit the noise too. Performing a noise analysis by repeating the measurements [3] should allow automatic model selection. It should be mentioned that upto now noise analysis was less important because of the remaining model errors due to numerical problems which is typical for VIOMAP, being a series approximation. Fig. 4 gives an idea of the decrease of the scaled costfunction at 4.2 GHz for an increasing degree of orthopol. The scaled costfunction is the 2 norm of the residu divided by the number of degrees of freedom, i.e. the number of measurement points minus the degree of the orthopol, compensating for the fact that a polynome of degree k is able to fit thru k measurement points. The scaled costfunction remains almost constant for a degree of 30 and more, confirming the conclusions drawn based on the characteristic of the residu. the frequency span to less than 1 MHz, as will be the case when performing two-tone measurements, the deviation of the amplitude and phase is comparable to the measurement noise.
v. ONE-TONE AND TWO-TONE MEASUREMENT SETUP.
In order to perform both one-tone and two-tone measurements, a second measurement setup was used based on a prototype of a vectorial nonlinear-network analyzer ( fig. 6 ). Figure 6 The vectorial nonlinear-network analyzer prototype
The nonlinear-network analyzer is calibrated on a 1.05 GHz (fo) grid (upto 18 GHz) using classical LOST. In order to come up with calibrated absolute amplitude and phase, additional calibration is necessary. Absolute amplitude calibration is possible using a power meter. Phase calibration requires a reference generator, i.e. a step recovery diode which is characterized on the frequency grid of interest by a samplescope, which in its turn is calibrated using the nose-to-nose calibration procedure [4] .
This allows calibrated one-tone measurements at 4.2 GHz (fc = 4f0). Assuming quasi-static behavior of both the RF and IF part of the nonlinear-network analyzer, one can use the calibration data at fc to generate calibrated data at fc k Af , given Af << fc .
Due to the fact that the original "Mini-Circuits ZHL-42W' amplifier was not immediately available, a "Mini-Circuits ZHL-42" was used instead. The author regrets that this component does not show the 'decreasing output power for increasing input power' compression characteristic ( fig. 2 ) at 4.2 GHz. Nevertheless it is the intention to repeat the measurements and predictions for the original amplifier, as soon as it is available. Again a 30 dB attenuator was used at the output of the amplifier to compensate for the linear gain of the amplifier and to minimize the incident wave at the output port of the amplifier. This 30 dB attenuator is considered as being a part of the device under test. As such the DUT will have an overall linear gain of approx. 0 dB.
VI. ONE-TONE AND TWO-TONE RESULTS.
First a one-tone measurement was performed at 4.2 GHz, stepping the input power from -24 dBm upto +5 dBm, driving the amplifier 4.35 dB into compression. Both amplitude and phase behavior could be described by a 14th degree orthopol ( fig. 7) . Using this model, the response of the amplifier under two-tone excitation is predicted (4.2 GHz f 10 kHz). It should be noticed that the model is only valid for input powers of each tone upto -1 dBm (= +5 dBm -6 dB). For the time being only the power levels of the generated output frequency components are predicted, while it should be possible to include the phase of the generated components too in the near future. Fig. 8 shows very good correspondence between the predicted and measured frequency components at the output. The predicted third order intermod product is slightly biased for small input powers.
Acquiring traces of 10k points results in a S/N ratio of approx. 55 dB. As such the noise level is only 12 dB below that of the measured intermod product for an input power of -11.25 dBm, resulting in a possible variation of the measured intermod of approx. 4.5 dB. Repeating the twotone measurements this variation clearly shows up ( fig. 8) .
Based on noise analysis, it will be possible to generate uncertainties for the orthopol coefficients and therefore for the predicted frequency components at the output under two-tone excitation.
It is important to verify if there are intermod products present at the input of the DUT. Even if they are small compared to the fundamental two-tone, they may significantly influence the level of the intermod product at the output, especially when compression is rather small : the generated intermods at the output are a combined effect of the intermods at the input being linearly amplified and the intermods generated by the fundamental two-tone, driving the DUT into compression. It should be noticed too that the influence of these intennod products at the input is also a function of the phase of these components relative to the phase of the fundamental twotone.
Due to the measurement setup the intermod products at the input (if any) were that small that they could not be measured using a spectrum analyzer. 
VII. CONCLUSIONS.
Performing classical large-signal measurements, it is possible to predict the comp e sion and intermodulation distortion characteristic under two-tone excitation, assuming quasi-static behavior of the DUT around the frequency of interest.
In the case of hardly nonlinear behavior, the degree of a model based on orthogonal polynomials can be increased significantly without running into numerical problems. This allows noise analysis and as such it should be possible to generate uncertainty bounds for the predicted output components.
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